Abstract
The analyzing power A N in inclusive , and + production has been measured with a 200 GeV c transversely polarized antiproton beam over a wide x F range 0:2 x F 0:9 and at moderate p T 0:2 p T 1:5 GeV c. The asymmetry A N increases with increasing x F from zero to large positive values for , 's, and decreases from zero to large negative v alues for + 's. A threshold for the onset of the asymmetry is observed around p T 0:5 GeV c below which A N is essentially zero, and above which A N increases decreases with p T for , 's + 's in the covered p T range.
PACS numbers: 13.88.+e, 13.85.Ni, 14.40.Aq
For the rst time a high energy polarized antiproton beam was obtained at Fermilab from the parity violating decay o f a n tilambda hyperons 1 . Inclusive reactions measured with this beam give insight i n to the spin dependence of the underlying partonic processes and add new input regarding the debated question of the spin structure of polarized protons. The results from polarized lepton deep inelastic scattering 2 suggest that the overall contribution of constituent quarks to the proton helicity is small, thus implying an appreciable contribution either of sea quarks, or of gluons, or possibly of orbital angular momentum to the proton spin structure. Signi cant polarization e ects are known to exist at medium and high energies in meson and hyperon production with hadron beams 3 : pions produced by polarized protons show large values of the analyzing power A N at high x F , a n d h yperons produced at high x F show large transverse polarization. A N in inclusive pion production with polarized protons was also measured at 200 GeV c 4,5 : the asymmetry shows an almost mirror symmetric dependence in x F , where A N increases with increasing x F to large positive v alues for + and decreases with increasing x F to large negative v alues for , . More recently, large negative v alues of A N in inclusive 0 production at 200 GeV c and large x F have also been published 6 . These e ects appear already at relatively low values of the transverse momentum p T p T 0:7 , 1:0 GeV c, where Perturbative Q C D is not expected to be directly applicable. Models were developed to explain and possibly correlate the spin observables in these processes using static SU6 wave functions and spin dependent asymmetries i n troduced into the quark and di-quark production and scattering amplitudes 7 . The features of the pion data are compatible with these models, based on the idea that leading valence quarks remember their polarization in the parent proton, and consistent with the interpretation of 0 polarization, where quarks produced in fragmentation processes acquire a transverse polarization.
In this letter we report on the measurement of the analyzing power A N in inclusive , and + production p " +p ! , + + X 4 using the 200 GeV c Fermilab polarized antiproton beam incident on a 1.0 meter long liquid hydrogen target. The kinematic range covered is 0:2 x F 0:9 a n d 0 :2 p T 1:5 GeV c.
A N measures the left-right scattering asymmetry with respect to the beam polarization directed normal to the production plane, and positive A N corresponds to a larger cross section for particle production to the beam left for beam polarization directed upward.
The polarized antiproton beam was obtained by selecting antiprotons from the weak decay o f a n ti-0 particles produced in a primary target by the 800 GeV c Tevatron extracted proton beam. The design and performance of the beam are described in Ref. The pions produced at the target were measured with a large forward spectrometer described in Refs. 4, 6 . The reconstruction of charged tracks produced at the target was done with two telescopes of multi-wire proportional chamber modules MWPC, 5 upstream and 5 d o wnstream of a 3-Tm R Bdldipole magnet, which w as used for momentum measurement.
Each MWPC module had four plane views. Beam particles upstream of the target were tracked with 3 MWPC's. Identi cation of the charged pions produced at the target was accomplished with a 25 meter long threshold Cherenkov c o u n ter, C1, located downstream of the analyzing magnet. C1 was lled with helium gas and its gas pressure was set so that it would count pions with P 40 GeV c x F 0:2 but not protons or kaons. The , and + data were taken in separate runs with inverted polarities of the analyzing magnet.
The trigger required antiproton beam de nition 1 and pion identi cation. A simple trigger using three hodoscopes downstream of the analyzing magnet in conjunction with fast programmable electronics selected events where the hodoscope hit patterns were compatible with at least one high momentum P 40 GeV c trajectory from the target. Charged pions were tagged with C1. Background events due to non-interacting beam particles were reduced by using a beam veto located at the downstream end of the spectrometer.
The reconstruction e ciency of the o ine tracking program was found to be better than 85 for a single track. The position resolution on the production point of a track i n t h e target was better than 1 mm in the transverse plane and a few centimeters along the beam axis. It was required that selected tracks matched the beam track in the target volume within the measured track resolution and that they traversed the C1 ducial volume determined by its mirrors. These selections were found to be independent of the kinematical variables x F and p T . The background due to misidenti ed particles and particle production other than at the target was found to be less than 5 in the selected sample.
The analyzing power A N was determined from the measured yields of pions produced i n a w ell de ned azimuthal angular interval around the beam axis using vertically polarized antiprotons of both polarization signs:
A N = 1 P B hcos i N " , N N " +N : P B hcos i is the e ective beam polarization normal to the production plane and is the azimuthal angle between the beam polarization direction and the normal to this plane. The selected azimuthal angular interval was 45 degrees from the horizontal plane to the beam right, giving hcos i , 0:90. N " N i s t h e n umber of pions produced for positive negative spin orientation of the beam antiprotons at the target, normalized to the corresponding 6 beam ux. N " was obtained by c o m bining events having positive tagged polarization and negative spin rotator polarity with events having negative tagged polarization and positive spin rotator polarity. N was obtained from events with equal tagged polarization sign and spin rotator polarity.
A n umber of consistency checks were performed to establish that the asymmetry results were free of systematic e ects. This asymmetry, to a good accuracy, is independent o f detection and reconstruction e ciencies, since pion yields were measured with the same apparatus and both polarizations simultaneously. W e e v aluated the false asymmetries b y averaging over opposite spin rotator states or over both tagged polarization signs. The avarage beam polarization was zero for these sets of events. These asymmetries were found to be consistent with zero false A N = ,0:009 0:012 for , data and +0:003 0:014 for + data, thus indicating no bias in the determination of A N .
The analyzing power A N is given in Table 1 and shown in Figure 1 as a function of x F for the , and + data over a p T range of 0.2 1.5 GeV c. The data exhibit an almost mirror symmetric dependence in x F in which the magnitude of A N increases for both , and + mesons with increasing x F , but the sign of A N is positive for the , data and negative f o r + data. Figure 2 and Table 2 slightly smaller compared to p " +p ! + + X data in the same kinematical region.
In summary, the analyzing power for , production increases from 0 to about +0:25
with increasing x F above p T 0:5 GeV c while for + production A N decreases from 0 to about ,0:35 with increasing x F above the same p T . It appears that A N depends primarily on x F , and reaches large values above a p T threshold of about 0.5 GeV c.
These results can be explained qualitatively as an e ect similar to that proposed to explain the hyperon polarization 7 , in whichpairs produced in fragmentation processes become transverselly polarized and at large x F the transverse spin of the antiprotons is correlated to its antiquark constituents. To produce a spin-zero meson, the polarized producedwill couple with the spectator antiup or antidown quark from the polarized antiproton beam only in an antiparallel con guration. The re ected sign of , 's with respect to + 's and between p and p beams may originate from the fact that the up antiquark spin is almost fully aligned with that of the antiproton for x F approaching one, wheras that of the down antiquark is oppositely aligned. This conclusion is consistent with recent SMC results 9 on semi-inclusive deep inelastic scattering, which probed the polarization of valence quarks in the nucleon. Recent models based on non-perturbative approaches, such a s t h e soft exchange mechanism 10 , or resonance-decay i n terference between real and virtual channels 11 , or rotating constituents in the polarized antiproton 12 , appear to be in good qualitative agreement with the features of the data on the pion production asymmetry measured with both polarized protons and antiprotons.
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